Background: Fractional exhaled nitric oxide concentration (FeNO) is widely used to support diagnosis and monitoring of bronchial asthma (BA). Tsoukias and George proposed a two-compartment model (2CM) for assessing the alveolar concentration of NO, referred to as CANO(2CM), while Condorelli et al proposed a model based on the trumpet shape of the airway tree and axial diffusion (TMAD), referred to as CANO(TMAD). In addition, Högman et al proposed non-linear model, referred to as CANO(non-linear).
Conclusions: These results suggested that CANO(2CM) reflected distal airway inflammation in steroid-naïve asthma.
| INTRODUCTION
Bronchial asthma is chronic airway inflammatory disease that is mainly dependent on T helper 2 (type 2) cytokines. 1 Despite the progress made in the treatment of asthma, problems such as severe refractory asthma or asthma-related deaths have not yet been resolved. 2 Distal airway inflammation is one cause of severe refractory asthma because an inhaled corticosteroid (ICS) may not reach the distal airway, resulting in residual inflammation. 3, 4 While it is important to evaluate the extent of distal airway inflammation, it is difficult to do so in the clinical setting. Tissue biopsy by bronchoscopy is thought to be useful for obtaining a direct evaluation, but because it is invasive, it cannot be performed repeatedly. It is already recognized that fractional exhaled nitric oxide (FeNO) is a non-invasive biomarker of airway inflammation in asthma. The FeNO multi-flow rate measurement method is considered a non-invasive distal airway inflammation evaluation method.
Tsoukias and George proposed a two-compartment model (2CM) and
Condorelli et al proposed the trumpet model based on the shape of the airway tree and axial diffusion (TMAD) to evaluate alveolar air with nitric oxide (NO) at a steady-state alveolar concentration. 5, 6 In addition, Högman et al 7 proposed non-linear model, referred to as CANO (non-linear). In this report, we refer to the measure of distal airway NO-parameters by Tsoukias and George's method as CANO(2CM) and that by Condorelli et al's method as CANO(TMAD) as well as Högman et al's methods as CANO(non-linear). It has been reported that CANO (TMAD) is negatively associated with FEV 1 and FEF , and it is thought to be associated with the pathogenesis of asthma. 8, 9 CANO (TMAD) is modified by CANO(2CM), and it is generally believed that CANO(TMAD) is a precise measure of alveolar NO. However, it remains unclear which NO-parameters represented the proper region of NO production in distal airway.
We questioned whether CANO(2CM), CANO(TMAD) and CANO (non-linear) were associated with the expression of iNOS mRNA in the distal airways of asthma patients. Thus, we examined the distribution of iNOS protein by immunostaining different airway components. We then compared the expression of iNOS mRNA in the proximal and distal airway cells (ACs) and total bronchoalveolar lavage (BAL) cells of asthma patients via bronchoscopy. Furthermore, we examined the associations between the expression levels of iNOS mRNA and NOparameters including FeNO at 50 mL/s, J'awNO(2CM, TMAD and nonlinear) and CANO(2CM, TMAD and non-linear).
| ME TH ODS

| Patients
We conducted a retrospective study of 18 patients with asthma, including 10 with steroid-naïve asthma (snBA) and eight with steroid-treated asthma (stBA), who visited the Department of Pul- 
| Calculation of the NO-parameters
We calculated the NO-parameters using the three methods of the prox- -with a diameter of less than 2 mm, that is, the so-called distal airways. 11 Transbronchial lung biopsy, endobronchial biopsy, and BAL were subsequently performed. Total BAL cells were counted, cell fractionation was performed, and the RNA was extracted.
| Immunostaining
Transbronchial lung biopsy and endobronchial biopsy specimens from patients were fixed in formalin. Serial 4-μm sections were immunostained using a rabbit polyclonal antibody against iNOS (1:500) (Abcam, Cambridge, MA) with Dako EnVision ™ FLEX Mini Kit High pH detection system including secondary anti-rabbit antibody for detection. Data were collected using an all-in-one fluorescence microscope (BZ-X700; Keyence Co., Tokyo, Japan).
| Quantitative real-time PCR
The expression levels of iNOS mRNA in ACs and total BAL cells were determined by quantitative real-time PCR (qRT-PCR) as described previously. 12 First-strand cDNA was synthesized by Prime- between snBA and stBA groups. Mean BALF volumes were 80 mL and 84 mL and recovery rates were 53% and 56% in the snBA and stBA groups, respectively. There was no significant difference in cell fractions between the snBA and stBA groups. were strongly and alveolar epithelial cells (AECs) weakly stained with iNOS protein.
| Distribution of iNOS protein expression
| Expression of iNOS mRNA in total BAL cells and distal and proximal ACs
The expression of iNOS mRNA was detected in total BAL cells and distal and proximal ACs from stBA and snBA patients by qRT-PCR. In the snBA group, the expression of iNOS mRNA was significantly higher in both the distal and proximal ACs than in the total BAL cells (P < 0.01). There were no significant differences between the distal and proximal ACs. There were no significant differences among total BAL cells, distal
ACs and proximal ACs in stBA group. Comparing the stBA and snBA groups, the expression of iNOS mRNA in both distal and proximal ACs was significantly higher in the snBA group than in the stBA group (P < 0.01). However, there was no significant difference in the total BAL cells between the groups, ( Figure 2 ).
| Correlation of NO-parameters with iNOS mRNA expression
There was no correlation between any NO-parameters and the expression of iNOS mRNA in the stBA group. In the snBA group, only CANO(2CM) correlated with the expression of iNOS mRNA in distal ACs (r = 0.83, P < 0.01). On the other hand, CANO(non-linear) and CANO(TMAD) did not correlated iNOS mRNA expression from any airway portions, in Table 3 .
| DISCUSSION
In this study, we showed that the expression of iNOS protein was mainly in BECs in the airway, and in macrophages in the alveolar region of snBA patients. However, quantitative RT-PCR revealed that the expression of iNOS mRNA was significantly higher in the ACs than in total BAL cells. The CANO(2CM) results significantly correlated with iNOS mRNA expression in ACs from the distal ACs.
On the other hand, CANO(TMAD) and CANO(non-linear) was not has some association with distal airway flow limitation, but there was no correlation between CANO(TMAD) and asthma control or severity. 13 reported that CANO(TMAD) is significantly associated with pre-bronchodilator reactance, reactance at low frequency at 5 Hz (Xrs5), integrated area of low-frequency Xrs (AX), and resistance at 5 Hz-20 Hz (R5-R20). Furthermore, they showed that CANO(TMAD) levels correlate with the bronchodilator reversibility of FEV 1 and FEF 25-75 . 14 FeNO increases in individuals with asthma and reflects the level of airway inflammation. 15, 16 Ichinose et al 17 reported that asthmatic individuals have higher eosinophil counts and bradykinin concentrations in induced sputum in addition to higher FeNO levels. Nitric oxide and L-citrulline are generated from L-arginine by nitric oxide synthase in vivo. 18, 19 It is known that iNOS is particularly important in airway inflammation in asthma, and the stimulation of cytokines such as IL-13
increases iNOS, which results in increased NO production. We and other researchers have reported that iNOS mRNA, nitrite and NO are induced by IL-13 stimulation in vitro from primary cultured BECs. 20, 21 Based on these reports, iNOS mRNA expression reflects NO production in asthma and the expression of iNOS mRNA is thought to be an adequate index to evaluate airway inflammation in asthma.
Distal airway inflammation is one of the causes of severe refractory asthma 3, 4, 22 and is assessed by three calculations (2CM, TMAD and non-linear). [5] [6] [7] However, few reports have compared a histological study of the distal airways and distal airway nitric oxide levels.
Recently, the iNOS levels of both bronchial and alveolar tissues have been increased in uncontrolled asthma. However, although they showed that iNOS levels in BAL macrophages are not reflected by CANO(2CM), they did not investigate CANO(TMAD) or CANO(nonlinear). 23 It is difficult to clarify whether AMs or AECs are the main cell sources of iNOS. In an animal model investigation, nitrites/nitrates were produced by AMs as well as AECs. However, both production of nitrite/nitrates and iNOS expression seemed to be higher in AECs. 24 We have conducted the first study into the association between the expression of iNOS mRNA derived from different airway components and NO-parameters. It is recognized that TMAD gives a more precise estimate of NO levels in the alveolar region than 2CM. 6 CANO(TMAD) is mainly used to assess asthmatic distal airway dysfunction and its importance in determining the pathophysiology of the distal airways has been highlighted. 8, 9, 14 Based on these reports, we hypothesized that CANO(TMAD) and CANO(non-linear) are better indexes of inflammation from the distal airways to the alveolar region in asthmatic patients; hence, we decided to conduct this study. Unexpectedly, CANO(TMAD) and CANO(non-linear) indicated no significant correlation with the expression of iNOS mRNA in distal ACs, while CANO(2CM) correlated with distal iNOS mRNA expression significantly. Although, CANO(2CM) was thought to be a F I G U R E 2 Expression of iNOS mRNA in Airway cells (ACs) and total BAL cells. Expression of iNOS mRNA detected in ACs and total BAL cells. In the snBA group, iNOS mRNA expression in ACs, including distal and proximal airway, were significantly higher than in total BAL cells (P < 0.01). The expression of iNOS mRNA was higher in snBA airway ACs than in stBA ACs (P < 0 .01). There was no significant difference in iNOS mRNA expression in the total BAL cells between the stBA and snBA groups. *P < 0.01, **P < 0.05. A small table shows median values of iNOS mRNA expression spurious parameter including alveolar NO production and an indefinite NO concentration derived from diffusion from airway compartment. However, we cannot ignore CANO(2CM) since only CANO (2CM) correlated with iNOS mRNA in distal ACs. CANO(2CM) is presumed to be able to serve as a marker of distal airway inflammation.
This study has some limitations. First, it involved only a small number of cases. The snBA group had active inflammation in their airways, and it was difficult to collect airway samples, so there were few samples from snBA patients. Second, we could not examine airway hypersensitivity or reversibility in all cases. We opted to use bronchoscopy because of the need to histologically investigate and promptly collect ACs and to avoid the risk of an asthma attack induced by an examination of airway hypersensitivity. Moreover, we wanted to avoid delays for the initiation of ICS treatment, which was started after bronchoscopy. All patients had clinical and pathological features compatible with asthma, and we thought that the lack of examination of airway sensitivity did not interfere with the asthma diagnosis. Third, BALF reflected not only the alveolar tissues but also the distal airways.
A bronchoscope with a diameter of around 4.9 mm was wedged into the airway. Some components derived from the airway that was smaller than 4.9 mm in diameter may have been extracted. However, among the total BAL cells, 90% were macrophages and a few were airway epithelial cells, and BAL samples were thought to originate mainly from the alveolar region. Regarding statistics, the confounding of each association could not be considered because of the univariate analysis in the present study. Further large sample study was warranted to conduct multivariable analysis to consider confounding factors.
Despite these limitations, this study is important because it shows the expression of iNOS mRNA in cells from different components of the airway in association with NO-parameters.
| CONCLUSIONS
This study indicated that iNOS mRNA express in mainly airway epithelial cells and CANO(2CM) correlated with iNOS mRNA expression in distal airway epithelial cells. CANO(2CM) may reflect distal airway inflammation of steroid-naïve asthma.
